PROBA-2 is a follow up of the successhi PROBA-I program, in orbit since October 2001. The spacecraft is not SWAP will perform as an operational solar monitoring tool for space weather forecasting while it will also demonstrate new technological solutions: CMOSlAPS detector, new off-axis telescope design, athermal structure, ... LYRA (Lyman-alpha Mdiometer) is a small compact solar VU\' radiometer. This instrument is designed, manufactured and calibrated by a Belgian-Swiss-German consortium. It will monitor the solar flux in four UV passbands. The spectral channels have been carefutly selected for their relevance io space weather, solar physics and aeronomy, ranging from 1 nm to 220 nm. On the technological 5ide, [.\'RA !\ill henufit from the pioneering UV detectors program using diamond technology.
The LYRA data will produce valuable solar monitoring information, for operational space westher nowcasting and research.
This papcr will detail the instrument concepts and their preparation for delivery to the platform.
larger than a domestic washing machine with a weight of 100 kg. It will be launched as a piggy back payload, to reach a heliosynchrone polar orbit stabilized at 06:OO.
PROBA-2 is developed under an ESA General Support
Technology Program (GSTP) contract by a consortium led by Belgian industry. It SWAP will continue the systematic CME watch program of the aging EIT instrument, in a neighbor waveiength, that shall guarantee the detection of space weather related solar events. Most of these significant events last on the order of 30 min to 45 min. The SWAP time cadence will be of the order of 1 minute, which is well adapted to record the occurrence of these events. Thanks to this high image cadence, SWAP will be a sotar monitor capable of recording the time-evolution of every event in the low solar corona that might be of relevance to the soace wzarher. Usins the PRORA platform agility. the on-board detection o f CME will be used to trigger off-pointings in order to fallow and image the CME leaving the Sun.
B. Inrmmenr Design
The optics and focal plane assemblies of the SWAP telescope will be mounted on an optical bench designed to provide mechanical stability and insensitivity to thermal variations. Wirh lightweight Invar structure, a stability better than 50 pm will remain between the 2 mirrors in all the temperature range encountered by SWAP on-board The insrmment is encased in a lightweight housing (Fig. 4) equipped with an aperture mechanism to preserve the optical cavity from extemal contamination during on-ground activities and launch phase. The SWAP structure is designed using standard finite element analyses (Fig. 6 ) in order to optimize the mass and the stiffness with the high stability requirement. It will be qualified with a structuraI model before the flight model manufacturing. The optical scheme is a novel off-axis Ritchey Chretien scheme, that will offer numerous advantages for SWAP: (i) smaller and lighter primary mirror (no central obscuration);
(ii) smaller aluminum foil filter thus reduced risk of mechanical damages; (iii) easy and efficient baming system.
The off-axis telescope is illustrated in Fig. 7 . A detailed description of the optical concept can be found ia IS]. The optical coating is a multilayer composed of an altemance of -30 layers o f 2 different materials [6] . The overall stack is specifically designed to provide reflectivity in the extreme ultraviolet range and to achieve the spectral selection in a narrow band pass (1.5 nm) centered on 17.4 nm (Fig. 9 ) . The focal plane will include the CMOS APS detector [7] (Fig. I I ) The focal plane assembly (Fig. IO) will also include the proximity electronics required to readout the sensor, and drive the calibration diodes. The proximity electronics is directly connected to a specific memory compression and packetization module (MCPM) directly plugged in the central computer of PROBA-2 (ADPMS). The MCPM and the proximity electronics are developed by Deltatec S.A.
(Belgium). A dedicated software running in the ADPMS will manage the SWAP data, with a compression module and a set of automatic event detection algorithms and data processing (cosmic ray removal, weak pixel compensation, . ..).
SWAP and LYRA share the same power suppiy unit, named Interface Instrument Unit (IlU). This unit will be mounted on the instrument panel between the 2 instruments.
The I1U is built by AlcateVEtca (Belgium).
The spacecraft resources are very limited. SWAP mass is kiinited to IO kg, with a mean power dissipation lower than 5 W. These 2 constrains are very demanding and required a deep optimization of the elecrronics as well as a lightweight mechanical structure.
The assembly, integration and all the qualification tests will be performed in the facilities of CSL. The optical calibration with EUV radiation is performed in Germany (PTB Bessp).
SWAP is expected to be delivered to the platform in the first half of 2006.
The calibration of test detectors has already produced promising results (see Fig. 11 ).
- Similar tests will be performed with the optics alone, and with the fully integrated flight instrument in order to derive the final calibration of SWAP images.
IV. LYRA INSTRUMENT

A. Scien19c Objectives
The Lyman-alpha Radiometer (LYRA) [8] [9], a small compact solar VUV radiometer accompanies SWAP. LYRA is designed, manufactured and calibrated by a Belgian-SwissGerman consortium led by CSL, with ROB being the principal investigator.
Absolute measurements of the UV Sun irradiance are reputed to be difficult. They always require a space-born instrument. LYRA will be complementary to existing radiometers such as WARS, SEEITIMED, SORCE, ... ROB. Diamond, the wide bandgap material, makes the sensors radiation-hard and "solar-blind", which allows suppressing the usual filrers, that block the unwanted visible, but attenuate seriously the desired UV radiation.
Channel
LYRA has a set of 3 redundant heads, each including the 4 spectral channels. Each channel corresponds to a collimator and a detector head (one detector, one filter, two calibration LEDs and a calibrated hole). The design of the heads takes also into account opening angle, cleanliness, and thermal issues. The LYRA optical design by PhysikalischMeteorologisches Observatorium
Davos
(PMOD, Swizterland) stems from the photometers of VIRGO onboard SOH0 [IO] . 
I AI foil filter on grid
The LYRA instmment has been optimized in ordcr to match the very strict platform requirements in terms of mass, power and thermal range. The overall mass of LYRA does not exceed 5 kg, its power is limited to 2.7 W and it can be operated in a [ 4 0 T , +6O"C] temperature range. CVD diamond PN junction and photoresistor have been optimized by mathematical modelling. The detector optimization included the improvement of the circular contact geometry, the photolithography process, the contact by laser and thermal annealing and the measurement of material and device parameters.
Based on the various data sets gathered during the calibration campaigns (Fig. 14) , the PiN diodes show good response in the Herzberg channel but are insensitive at the Lyman alpha wavelength.
The MSM structures show higher responses with a solar blindness of typically 5 decades in magnitude between 200 and 400 nm. As for the PiN detectors, the responsivity drops by a factor 10 in Lyman alpha spectral region. The MSM are selected for the Lyman aIpha channel, where a signal of IO0
pA is expected and is manageable by the LYRA electronic.
Alternative detectors are considered to provide a spare or a calibration backup in this channel. MSM with improved lithography mask or possibly Si detectors will equip the third LYRA head.
Concerning the behavior in the XUV region. calibration tests performed at PTB Bessy svnchrotron give the preference to MSM detectors. Table 1. The redundancy strategy uses 2 redundant heads. One is used on a weekly basis, while the other remains closed most of the time and is only used on a monthly basis. This will give all the relevant data to evaluate the aging of the sensors.
D. Insmmmr developnienl
LYRA design benefits from the heritage of the VIRGO experiment. Major efforts have been spent to characterize the new detectors in the spectral ranges of each channel. The solar blindness was also verified, as well as the transmission of the various filters. All these data were analyzed and compiled in order to build a radiometric model of the instrument. This tool was used to select the most adequate detectors for each channel to provide a useful solar signal.
An engineering model of the LYRA instrument has been built and tested with a breadboard of the externat power electronics (Fig. IS) .
The assembly of the flight model will be completed in summer 2005. It will be followed by a full acceptance with vibrations and thermal vacuum tests. The complete instrument will undergo an end-to-end calibration.
EMC (electromagnetic compatibility) verifications will be conducted with the IIU and the SWAP instrument before integration on the PROBA-2 platform. SWAP and LYRA will contribute to demonstrating the feasibility o f a technology that will be highly beneficial'in the context of the Solar Orbiter ESA mission. New detectors, new compact optical scheme and on-board processing are key elements for this forthcoming ESA mission scheduled for the 201 1-2013 time frame. This makes the scientific payload also a key element in the PROBA-2 demonstrator.
VI. ~CK"IO\YI rT)T;MrhT<
The instrument teams wish to thank ESA for taking into consideration the scientific outcomes of the payload to select a new launcher to reach a 06:OO orbit.
The development of the SWAP instrument is funded by the Belgian Federal Science Policy Office (BELSPO), through the Belgium ESNPRODEX program. LYRA is developed with the support o f BELSPO, the Swiss Space Office (SSO) and the ESAPRODEX program. SWAP and LYRA receive development support from their German Co-Investigators.
